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Abstract  
Lecture rooms or lecture halls are important spaces that use for teaching and learning 
process in the university. Thus, good acoustical performances of these spaces are vital to 
ensure the speech or message from the lecturer can be delivered to the students clearly 
and effectively. In the present study, field measurements were conducted to investigate the 
background noise and reverberation time of the unoccupied teaching rooms. Before the field 
tests were carried out, a preliminary survey was carried in order to identify the teaching 
spaces that to be measure. A total of 42 questionnaires were distributed to the students via 
online in order to get the feedback on the acoustical performance of the teaching spaces in 
UTHM. The measurements were carried inside two lecturer rooms at graduate business 
center, two seminar rooms at block B6 and two lecturer theaters at block G3. These spaces 
were selected based on the survey’s results. Noise criteria were used as indicator to 
evaluate the background noise of the spaces.  Typically, the reverberation time of the 
lecturer theaters were satisfied but the sound decay of the seminar rooms and lecturer room 
except DK3 were  higher than recommended value. The average reverberation times range 
from 250Hz to 4 kHz octave bands of all measured rooms were about 1 second, except 
those rooms located at block B6. However, the background noise of seminar rooms at block 
B6 and lecturer room of DK7 had quiet ambient noise level with the noise criteria of NC 25 
compared to those lecturer theaters which the noise criteria higher than recommended value 
between NC 25 to NC 30. Although the background noise of unoccupied seminar rooms at 
block B6 were lowest compared to other measured spaces, the sound decays of the rooms 
were longer than others which made the speech qualities of the rooms were reduced and 
unsatisfied by the students.  
Keywords— acoustic comfort, reverberation time, background noise, noise criteria 
1. INTRODUCTION  
A good quality of sound is importance for human’s audio comfort. Better acoustical 
design of a room will ensures the efficient distribution of desirable sound inside the 
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room. Types of rooms may require different acoustic characteristics. Classroom is 
a place that used for teaching and learning process. When teachers give 
instructions to the students in the classrooms, it is important that the messages can 
be passed effectively and clearly to the students. A good acoustic inside classroom 
helps students more easily to focus on their study [1].  
In university, there are many types of rooms that have been used for learning 
process such as lecture room, lecture halls and seminar room are used for technical 
learning. Normally, the capacity of these teaching spaces are larger than 
conventional classrooms that used in primary or secondary schools. Thus, 
acoustical quality control of teaching spaces in university generally will be more 
complex [2]. Room with good acoustical performance not only can insulate noise 
from outside into the room, but also can provide better speech delivery to students. 
It makes students feel comfortable and pay more attention during the class. The 
effective of acoustical performance of a lecture room will make students understand 
the lectures given by lecturer. The effective of understanding in learning process 
can help them in their future development. Acoustic comfort is one of the important 
parameter to produce a conducive physical learning environment [3]. Unfortunately, 
the effort and awareness of acoustic comfort inside classroom in Malaysia are not 
significant compared to some develop countries. Thus, the acoustical performance 
of the teaching spaces in one of the Malaysian public university – UTHM was 
evaluated in the present study.  
2. ACOUSTIC COMFORT PARAMETERS 
2.1 Reverberation Time (RT) 
Reverberation time is the most important parameter that used to evaluate the 
acoustic property of a space. It can be defined as the time required for the sound 
signal to drop 60dB after the sound sources was turned off [4]. RT is an indicator of 
the reverberant feel, or sonorousness, of a sound field. For the teaching spaces, 
longer RT may create echoes within the spaces and masking the speech or make 
the speech become blurred.  
Various limits / baselines of reverberation time for classroom have been set by 
different countries/ organizations. The values of this sound decay depend on 
frequencies, volume and the occupancy condition inside the classroom as shown 
in countries. Although the guideline of reverberation time for classroom in most of 
Asian countries are in the range of 0.6s to 0.8s, but the volume of the ordinary 
classroom is smaller compared to the lecture room/ hall in the university. Hence, 
the recommendation of reverberation time of this study was set as 0.6s to 1.2s. 
Since, human speech majority spread on 250Hz to 4kHz octave band frequencies, 
the reverberation time of speech for a single rating value of RT as shown in Eq. 1 
which has been adopted by Tang & Yeung [5] will be evaluated in the present study.   
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2.2 Background Noise 
Background noise is another essential parameter used for evaluating the learning 
environment. This noise is can be defined as unrelated sound other than primary 
sound. It acts as a pollute sound and blur the primary sound sources. Excessive 
intrusive of background noise can be reduced the speech intelligibility of the 
teaching space. For example, lecturer has to rise up her/ his voice when talking in 
the teaching space with higher background noise. Background noise is contributed 
by outdoor and indoor environment. Mostly background noise come from traffic 
noise, nearby construction site noise, noise from neighboring classrooms or corridor 
and others. In indoor environment also can be contributed to the background noise 
such as HVAC system, lighting system, student making noise and others. 
In order to evaluate the background noise environment of the classroom, a single 
rating value of noise criteria (NC) normally was used. NC method is used to produce 
a sound spectrum where the NC-curve can plot after the background noise of 
classroom in different frequencies are measured. The measurement curve 
compares with the nearest curve to get the NC value. The recommendation of NC-
value of classroom is in the range of NC 25 to NC 30 [15].  
3. PRELIMINARY SURVEY  
A preliminary questionnaire survey was carried out before the field measurements 
were performed. The questionnaires were distributed to the UTHM’s students using 
Google Docs application. The main purpose of this survey was to identify the level 
of satisfaction of the students on the acoustical performance of different teaching 
spaces in UTHM. The questions were divided into 3 main sections which are 
background of the respondent, respondent’s audio satisfaction level in different 
teaching rooms and respondent’s opinion regarding the sources of noise in the 
teaching rooms. In order to make the students more clear about the questions and 
ease to answer, all questions were set in Malay language. A total of 42 respondents 
from different faculties were taken part in current survey. All respondents were 
bachelor degree’s students varies from year 1 to year 4 of their study. Five Likert 
was adopted in the current survey. Besides, an option for not applicable (N/A) also 
was provided in the questionnaire for the case where the respondent never used 
the mentioned teaching room. 
The results of satisfaction level on acoustic comfort for different teaching rooms in 
UTHM was shown in Figure . From the survey, the most satisfied teaching spaces 
in UTHM in term of its sound quality were lecture halls at block G3, followed by 
lecture rooms at block G3. While lecture rooms at Graduate Business Center (GBC) 
can be categorized as satisfied to moderate acoustic comfort condition. Lecture 
rooms at block B6 and lecture halls at GBC were considered least satisfied teaching 
spaces according to the results from the survey. Field measurements of the 
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teaching spaces were selected based on the feedback of the students regarding 
the quality of sound in the current teaching spaces.  
Table 1: Limit/ baseline reverberation time of classrooms in different countries. 
 
 
ܴ ௦ܶ௣௘௘௖௛ = ܴ ଶܶହ଴ு௭ + ܴ ହܶ଴଴ு௭ + ܴ ଵܶ଴଴଴ு௭ + ܴ ଶܶ଴଴଴ு௭ + ܴ ସܶ଴଴଴ு௭5  Eq. 1 
Country/ 
Organisation 
Referenc
e 
Standard Year Reverberation 
time (s) 
Frequency 
range (Hz) 
Occupancy 
Australia [6]  2000 : 0.4 ≤ T ≤ 0.5  unoccupied 
New Zealand   0.4-0.5  unoccupied 
World Health 
Organization 
 1999 T < 0.6   
China [7] 
 
 2012 V=200m3:  
T ≤ 0.9 
  
Finland [8]  1998 : 0.6 ≤ T ≤ 0.9 ≥ 500 Hz   
Iceland  2011 T ≤ 0.6 125- 4kHz  
Sweden   2007 ≤ 0.5 125- 4kHz  
Denmark [9]  2010 T ≤ 0.6 125 –4kHz Furnished 
unoccupied 
Norway [10]  2008 ≤ 0.6 125- 2kHz  
France  2003 V < 250 m3: 
     0.4 ≤ T ≤ 0.8 
V > 250 m3:  
     0.6 ≤ T ≤ 1.2 
 Furnished 
unoccupied 
Germany [11] DIN 
18041:2004 
2004 ܶݏ݋݈݈= 0.32݈݋݃ ܸ
݉ଷ	
− 0.17 
V = 100m3  
   →Tsoll = 0.47 
V = 250m3  
   →Tsoll = 0.60 
 Furnished 
occupied 
Spain [12] CTE DB-HR 2009 V < 350 m3: T≤ 
0.5 
 Fully 
occupied 
UK [13] BB93 2003 Nursery & 
primary: T ≤ 0.6 
Secondary: T ≤ 
0.8 
 Unfurnished 
unoccupied 
India [14] NBC  T ≤ 0.75   
Brazil   150m3-V-600m3: 
 0.5 ≤ T ≤ 0.7 
  
Japan   V ≈ 200 m3: 
 T= 0.6 
V ≈ 300 m3: 
 T = 0.7 
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Figure 1:  Respondents’ audio satisfaction level for different teaching spaces. 
4. TEACHING SPACES AND FIELD MEASUREMENT  
Field measurements were conducted inside 2 lecture halls at block G3 (DKA and 
DKD), 2 lecture halls at GBC (DK3 and DK7) and 2 lecture rooms at block B6 (BSA1 
and BSB1) in order to evaluate the physical acoustics properties of the teaching 
spaces with subjective evaluation from the survey. The location of these measured 
teaching spaces were shown in Figure 1. Reverberation time and background noise 
measurements were carried inside six teaching spaces in unoccupied and furnished 
condition with all mechanical ventilation systems were turned off. Table 2 
summarizes the measured teaching spaces conditions and information which 
related to the acoustical performance of the spaces.  
Two microphones type 01dB MCE215 were used to capture the background noise 
levels and reverberation time of the spaces. In the current investigations, dual 
channels portable analyzer 01dB Symphonies were used as data acquisition 
system to record the noise signals from the microphones. All microphones were 
calibrated before the measurement using the Brüel & Kjær sound calibrator type 
4231 which outputting a 94dB signals at 1000Hz. The software named dBBATI32 
was used to generate the data of reverberation time for octave band frequencies 
and noise criteria curve of the measured spaces.  
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Figure 1:  Measured teaching spaces in UTHM. 
Brüel & Kjær omni-directional sound source type 4296 was amplified by power 
amplifier type 01dB PRE12N Pre-Amplifier to generate a MLS impulse signal during 
the reverberation time measurements. Sound source was place near the lecture 
teaching desk of the space to simulate the speech from the lecture during the class. 
All reverberation time measurements were carried according to the ISO 3382 
standard [16]. The measurement locations of reverberation time is depend on the 
volume of the spaces. Bigger the teaching spaces, more measurement points are 
required in order to capture the average of sound decays of the entire volume of the 
space. In the present study, at least 6 measurement points were selected in each 
teaching room to record the sound decays of the space. All measurement locations 
were placed at least 1.2 m from all walls to reduce the reflection sound from the wall 
to the microphones. Two measurement heights of microphones which were 1.2 m 
and 1.6 m away from the ground level were adopted to stimulate the height of 
human hear when sitting and standing inside the space. Reverberation times were 
measured for 3 times at each test locations. Figure 2 shows the setup of 
reverberation time measurement inside the lecture room at block B6. 
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Table 2: Summary of indoor condition of measured teaching spaces. 
 
Block Teaching spaces 
Volume 
(m3) 
 
Capacity 
(person) 
Chairs 
Partition/ wall 
between the 
spaces 
 
Door Absorption materials 
 
 
GBC DK 3 471 
 
150 
Cushion 
Concrete with 
wooden 
finishing 
 
Wooden 
Some 
absorption 
panels at 
side walls 
and curtain 
at windows 
DK 7 474 150 Plastic Concrete   Glass Curtain at windows  
 
B6 BS A1 443 
80 Plastic Concrete Glass Curtain at 
windows 
BS B1 443  
80 Plastic Concrete Glass Curtain at 
windows 
 
 
G3 DKA 3017 
500 Cushion Concrete Solid 
wood 
Absorption 
panels at 
walls 
except 1 
front wall 
DKD 1336 
 
150 
Cushion Concrete Solid 
wood 
Absorption 
panels at 
walls 
except 1 
front wall 
 
 
Figure 2: Reverberation time measurement setup 
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For the background noise measurement, two measurement points for each teaching 
spaces were chosen to record the ambient condition of the room. Background noise 
measurements were carried out either before or after the reverberation time tests.  
5. RESULTS AND DISCUSSIONS 
5.1 Reverberation Time (RT) 
Figure  shows the average reverberation times in all tested teaching spaces. 
Generally, RTs were higher at lower frequencies and lower at higher frequencies. 
Among all tested teaching spaces, only DK3, DKA and DKD obtained the RT within 
the recommended range for university learning environment which was below 1.2s. 
The acoustical performance of other teaching rooms in the tested spaces can be 
said were very poor as a teaching and learning spaces. From the field observation, 
more absorption materials were installed inside DKA and DKD at block G3 
compared to other measured teaching spaces. Besides, the cushion chairs at these 
both spaces increase the absorption surfaces of the rooms. Since, reverberation 
time is directly proportional to the volume of the space [4], the sound decay of the 
DKA was higher compared to the DKD because the volume of this space was much 
bigger. Thus, more absorption materials are needed to put inside the big lecture hall 
like DKA in order to improve the sound quality of the room. From the graph, seminar 
rooms at block B6 (BSA1 and BSB1) recorded the highest sound decays over the 
octave band frequency range. Although DK7 at GBC recorded the highest RT at 
125Hz, but the RT values were decreased to ~ 1s after mid to high frequencies 
which human ears were more sensitive to this frequency range.  
The single rating of reverberation time of speech for all measured teaching spaces 
was shown in Fig. 3. All measured teaching spaces except those located at block 
B6 obtained reverberation time less than 1.2s. Although the lecture rooms at block 
B6 (BSA1 and BSB1) were small compared to other teaching spaces, but the 
reverberation time inside both teaching rooms were higher than others. This may 
due to the facts that these rooms were equipped with plastic chairs and the 
absorption materials inside the rooms were insufficient.  
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Figure 4: Average reverberation time in tested teaching spaces in UTHM. 
  
Figure 5:  Reverberation time of speech in tested teaching spaces. 
5.2 Background noise 
Noise criteria curves of all measured teaching spaces were compared in the Fig. 6. 
For a good acoustical quality of room that used for speech, the background noise 
of the room should be between NC-25 to NC-30. From the results, the background 
noise teaching spaces of DK3, DKA and DKD were slightly higher than 
recommended NC value. The ambient environment of BSA1 at block B6 considered 
most silent room compared to others measured teaching spaces.  
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Figure 6: NC curves of measured teaching spaces in UTHM. 
6. CONCLUSION 
Field measurements on acoustical performance of teaching spaces in UTHM was 
carried out based on the questionnaire survey feedback. In the present study, 
reverberation time and background noise are two importance parameters that used 
for evaluating the audio comfort of the teaching and learning spaces. Seminar 
rooms (BSA1 and BSB1) at block B6, lecture halls (DK3 and DK7) at graduate 
business center and lecture halls (DKA and DKD) at block G3 were tested for its 
sound decays and ambient noise.  
From the results, reverberation time within the teaching space influenced the 
satisfaction level of the students compared to the background noise parameter. 
When the reverberation of the classroom is short, the speech intelligibility of room 
is better and it make the speech can be heard clearly. One can be noticed that, 
students felt satisfied with the acoustical performance of the lecture halls at block 
G3 where from the physical evaluation, these teaching rooms (DKA and DKD) 
obtained shorter reverberation time (below 1s) even the background noise of these 
spaces slightly higher than the recommended NC value (NC-35). Similar scenario 
happened in seminar rooms at block B6 where more students felt unsatisfied with 
the acoustic condition of the rooms where these rooms obtained higher 
reverberation time (more than 1.2s) even these spaces had quiet ambient 
environment. This implied that even the instructors/ lecturers no need to rise up 
their voice during the lecturer, the students still may not be able to hear the 
massages clearly because of the echoes created within the teaching rooms. Thus, 
the acoustic quality of some teaching rooms in UTHM still need to be improved in 
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order to help the speech intelligibility, student attention and concentration during the 
lecture.  
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